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A granular structure was found in the keratogenous 
zone of the cortex in human hair follicles. This granule 
was a round, relatively electron-dense, homogeneous 
s tructure 0.1-0.3 /lm in diameter and not membrane-
limited. It appeared in cortical cells in the keratogenous 
zone, fused to the tonofilaments, and disappeared before 
the complete keratinization of the cortex. Thus, this 
granule was considered to be a trichohyaline granule. 
Similar granules were found in the nuclei of cortical cells 
in the keratogenous zone. 
A comprehensive survey of various human hairs con-
firmed this observation. Trichohyaline granules were 
also present in the cortical cells of guinea pig hair in the 
keratogenous zone. However, a similar survey on mouse 
hair cortex did not reveal trichohyaline granules in this 
species. 
Trichohyaline was discovered by Vomer in 1903 [1). It is 
genera lly accepted th at this granule is produced in the inner 
root sheath cells and the hair cu ticle cells, but not in hair cortex 
cells. In this study, using longitudinal thin seGtions of huma n 
hair, which allow the survey of a relatively long stretch of 
keratinizing cortex, we found a n ew s tructure in the cortical 
cells that was morphologically compatible with trichohyaline. 
S imilar studies of cortical cells in animal h airs showed that 
trichohyaline was present in guinea pig hair cortex but not in 
mouse. hair cortex, suggesting that there m ay be a difference 
between species. 
Traditionally, th e cortex of hair a nd the a dul t nail h ave been 
considered to produce " hard keratin" in which neither tricho-
hyaline nor keratohyaline is produced. It a ppears that this 
concept sh ould be modified because of the findings described in 
t his report. 
MATERIALS AND METHODS 
Materials 
Normal human hairs were obtained from 4 individuals-3 white and 
1 black ranging in age from 24 to 70 years. The locations of biopsies or 
excisions were scalp, thigh, and lower leg. 
As animal models, C57/6J black mouse and white guinea pig wel'e 
chosen. The anagen sinus hair and the anagen coat hair of back skin of 
7-day-old mice were biopsied aftcr sacl'ifice in a chloroform-saturated 
chamber. The back skin hairs of randomly bl'ed white adult gu inea pig 
were also biopsied , 
Methods 
Each skin piece with hair was fixed with 5% glu taraldehyde in 0.1 M 
cacodylate buffer (pH 7.4) at 4°C for 1 hI' and then trimmed in to small 
pieces, each of which contained one hair follicle. T hese pieces were 
fixed with the same fixative for 3 hI', postfixed with 1% osmium in 0.05 
M sodium cacodylate buffel' (pH 7.4) for 1 hI', block-stained with 1% 
uranyl acetate in 50% ethanol for 20 min, dehydrated in graded concen-
trations of alcohol and propylene oxide, and embedded in Araldite, At 
. this time, in order to obtain longitudinal sections of hairs, careful 
attention was given to embedding. Ultrathin sections were cut with 
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diamond knives in Ultracut microtomes (American Optical), mounted 
on grids, double stained with 15% UJ'anyl acetate in 100% methanol and 
Reynolds' lead cit rate [2], and observed in Philips-400 and Zeiss-109 
electron microscopes. When necessary, serial ultrathin sections were 
made, using 1 X 2 mm slot grids with Formvar membranes, Two to 5 
anagen hairs were examined from each subject. 
RESULTS 
Human Hair 
Keratinization begins in cells of Henle's layer, then occurs in 
cuticle cells and cortical cells, a nd finally in cells of Huxley's 
FIG 1. Electron micrographs of a longitudinal section of a normal, 
black, human hair from the thigh of a 35-year-old black male. A, 
Keratogenous zone. Notice the huge trichohyaline granules in Huxley's 
layer (Hu). Henle's layel' cells (He) are keratinized at this level. B , 
Enlargement of the area enclosed by bars in A . Notice many small 
round trichohyaline granules in hair cuticle cells (Ch) and some dense 
round structures (arrowhea.ds) in ha ir cortex (Co ). C, Enlargement of 
the area enclosed by ba,rs in B. These dense structures (arrowheads) 
are clearly different from melanosomes (m) . 0, Outer root sheath; C':, 
cuticle of inner root sheath; t , tonofibril; N, nucleus; " mitochondrion. 
layer (Fig lA). Before complete keratinization, inner root 
sh eath cells produce various-sized, round or irregular tricho-
hyaline granules which fuse with sparse tonofilaments in the 
cytoplasm , These trichohyaline granules are dense, h omoge-
neous, not m embrane-limited, and becom e very large (up to 6-
8 /l1TJ'in dia m eter) especially in Henle's a nd Huxley's layers (Fig 
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F I G 2. Electron micrographs of the cortical cells of normal human hai.rs. A, and B, Brown sca.lp hairs from a 24-yr-old white male. Notice the 
dense round structures (arrowheads) either single, grouped, or in contact with a tonofibril (t) in the hair cortex (Co) and thei.r similarities to the 
tl·ichohyaline granules in hair cuticle cells (ClI) . The aj·ea enclosed by bars is magnified in the insel. C, A grey hair from the leg of a 70-yeru·-old 
white male. D, and E, Brown hairs from the leg of a 60-year-old white male. Not ice that the dense round structures (arrowheads) ru·e present 
s ingly, attached to or pressed between tonofibrils (t) . These dense structures are not membrane-limited and rru·ely fused to each other (double 
arrowheads). m, Melanosome; " mi tochondj·ion. 
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l A). On the other hand, hair cuticle cells produce many, small, 
round trichohyaline granules which gradually increase in num-
ber, gather in the exocuticle side of their cytoplasm, and fuse to 
each other or to fine, sparse to~ofilaments (Figs lA, B, 2A, 4A). 
These trichohyali ne granules are also dense, homogeneous, and 
not membrane-limited, resembling those in inner root sheath, 
except for size (up to 0.3 !lm in di~meter) and round shape. 
In cortical cells of the keratogenous zone, tonofIlaments gI'ad-
ually increased in number and formed thicker bundles. At this 
level, a dense, homogeneous structure was found. This structure 
was round or oval in shape, 0.1- 0.3 !lm in diameter and not 
membrane-limited. It resembled the trichohyaline granule in 
hair cuticle cells (Figs lB, 2A) although it occurred in smaller 
number compared with cuticular trichohyaline gI·anule. This 
granule was easily distinguished from lysosomes which were 
less dense and membrane-limited and from melahosomes which 
were much larger (0.4-0.6 !lm in long axis) and contained very 
·dense melanin within a unit membrane (Figs lC, 2A, B). These 
granules existed singly (Figs lB,C, 2A) or in groups (Figs. 2B 
and inset) in cortical cytoplasm and attached to tonofibrils 
(Figs lB, 2B-E, 3A). The granule was often squeezed between 
tonofibrils and its lateral sides were flattened (Fig 2D,E). At 
high magnifications, these granules showed fuzzy borders and 
seemed to be surrounded by ribosomes (Figs I e, inset of 2B-
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FIG 3. A, An electron micrograph of the cor tex of a human ha il' 
from the same subject in Fig 2C. B-F, E lectron micrographs of serial 
sections of t he area enclosed by bars in A. D shows the same section as 
shown in A. These serial micrographs show that the three dense, round 
structures (1, 2, 3) are spherical. t, Tonofibril; N, nucleus; arrowhead, 
dense round structure in hair cortex. 
D). Serial ultrathin sections clearly showed the spherical natm e 
of this granule thl'ee-dimensionally (Fig 3B-F). These granules 
seemed to fuse to tonofibrils (Figs 2C-E, 3B-E). 
The granule was limited in distribution to a l 50-!lm length of 
the cortex identified by changes in trichohyaline structure of 
adjacent cuticle cells. The proximal boundary was marked by 
very small tr ichohyaline gl'anules in hair cuticle cells; distally, 
granules in cortical cells were not found past the level where 
trichohyaline gI'anules of hail' cuticle cells fuse to each other. 
Between the proximal and distal limits, the tonofibrils in cor-
tical cells were thick, but not yet keratinized. 
In the nuclei of hail' cortical cells in the keratogenous zone, 
dense, round, homogeneous structures (0 .1-0.3!lm in diameter) 
with no unit membranes were occasionally found (Fig 4B and 
inset) . These were very similar to the cortical cytoplasmic 
granules (Fig 4B) . The nuclei of hail' cuticle cells also contained 
dense structures which were considered to be trichohyaline 
granules, although they varied in size (0.2-0.8 !lm in diameter) 
(Fig4A). 
Guinea Pig hair 
The cortical cells in the keratogenous zone of guinea pig hail' 
produced similar dense granules to those in human hail' cortex. 
These granules were also 0.1-0.3 !lm in diameter, but their 
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FIC 4. E lectron micrographs of a human 
hair from the same subject as in Fig l. 
A , Hair cuticle ceUs. Notice many dense, 
round , t richohyaline granules (arrows) 
in the nucleus (N). B, Cortical cells. No-
tice the dense round tructUl"es (thick 
a rrow) in the nucleus (N), which are 
magnified in the inset. T hese resemble 
t h e dense structUl"es (arrowheads) in 
COJtical cytoplasm (cf. Figs 1, 2, 3). t, 
Tonofibril; In , melanosome. 
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FIC 5. A, An electron micrograph of a whiLe guinea pig hair. B , Enlargement of the area enclosed by bars in A. No melanosome is seen, but 
a laJ·ge number of round dense structures (arrowheads) are present in the hair cor tex (Co ). Most of these ar e squeezed between tonofibrils (I) and 
a re rectangular or ellipsoidal in shape (O.1- 0.2 /L1n in long axis) . T hese ar e no t dense aJ·eas of tonofibrils because some of them are located between 
t onofibri ls. Cit, Cuticle of hair; N, nucleus; " mi tochonw·ion. 
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FIG 6. Electron micrographs of black mouse hairs. A, Sinus hair. Dense round structures are not seen in the cortex (Co) (compared with Figs 
1, 2, 3). The d'ense structure shown by an open arrow is magnified in the inset; it is a lysosome with a unit membrane. B, Back hair. Dense round 
structures are not seen in the cortex (Co). t, Tonofibril; N, nucleus; " mitochondrion; Ch, cuticle of haiJ'; Ci, cuticle of inner root sheath; M, 
medulia; In, melanosome; te, cross-section of tonofibril; g, medullaJ'y granule. 
number was considerably larger than that of the cortical gran-
ules in human hair and most of them were squeezed between 
tonofibrils (Fig 5A, B). 
Mouse Hair 
In the hair cortical cells of both sinus and coat anagen hairs 
no dense structures similar to those in human and guinea pig 
cortical cells described above were found (Fig 6A,B). 
FIG 7. Electron micrographs of a mouse 
back ha ir. A, Cortical ce lls neaJ' matrix. 
B, Enlargement of the aJ'ea enclosed by 
bar8 in A. The cross-sections (tc) of ton-
ofibrils are dense and homogeneous, but 
irregularly shaped. t, Tonofibril; In, mel-
anosome; " mitochonw'ion. 
Sometimes dense Iysosomes (Fig 6A and inset) and cross-
sections of thin tonofibrils in the projections of cortical cells 
into medulla (Fig 6B) or in proximal cortical cells (Fig 7A,B) 
appeaJ'ed similaJ' to the round dense structure described above. 
However, the former had a boundary membrane (inset of Fig 
6A) and the latter was irregulru'ly shaped (Fig 7B). Occasionally, 
the latter, especially in the projections of cortical cells into 
medulla, was difficult to distinguish from trichohyaline granules 
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FIG 8. A, An electron micrograph of a 
cort ical projection in to the medulla of a 
mouse back ha ir. Notice the dense struc-
tures indicated by numbers l -ZO. Some 
of them (6-9) are very s imilar to the 
dense round structures in human hair 
co rtex in Figs 1-3. B, A seria l sec tion 
obtained at least 8 pm away from the 
section in A. The structUl'es numbered 
1 '- l a' correspond to the structuTes 1-ZO 
in A. The largest den e, round granule 
found in the human cort ical cells was a 
0.3 fLm in diameter ; thus, if the structures 
1-ZO in A are granules, they should not 
be seen in B. The fact that a ll of these 
aTe still seen in B (J '- 101 suggests that 
they are cross-sections of tonofibri ls 
which can be longer than 0.8 fLm. Fila-
mentous components aTe added to some 
of' these structures in B (8', 91, suggest-
ing additional evidence that these are 
cross-sections of tonofibrils. t, Longitu-
dinal section of tonofibril ; ., mitochon-
drion. 
because of its similarity in shape and density. However serial 
ultrathin sections resolved these structures as cross-sections of 
tonofibrils (Fig 8A,B) . 
DISCUSSION 
Although many electron microscopic observations of hair 
structure h ave been carried out, the presence of trichohyaline 
granules in hair cortical cells has not been described. In recent 
textbooks on hair [3-5] it has been stated that there are no 
trichohyaline granules (keratohyaline granules) present in the 
hair cortex. 
However, the dense granules in human hair cor t ical cells in 
t he keratogenous zone shown in tlus study appear to be tri-
c hohyaline granules because of their similarities to trichohya-
llne granules in hair cuticle cells and their relationship' to 
cortical tonofibrils and cytoplasmic ribosomes. Since this 
"cortical trichohyaline granule" was found in all human normal 
anagen hairs examined, we believe that its presence is a common 
fi nding. It may not have been discovered previously because (a) 
it is too ~mall in size to be seen in the light microscope; (b) its 
number IS very small compared with that of hair cuticular 
trichohyaline granule, and (c) its production zone is very limited 
over the. distance of only 150 fLm. The difficulty in finding t his 
granule IS expected if the cross-sections of hairs are employed 
for observations, because the cross-section of a tonofibril is very 
s imilru' to this structure. 
Rogers et al [6] performed biochemical studies of trichohya-
line granules in guinea pig hair. In their study, using an immu-
nofluorescence method, antisera against trichohyaline produced 
intense fluorescence in the medulla and the inner root sheath 
cells but no specific fluorescence in the hair cortex. Theil' result 
seems contrary to the electron microscopic finding of guinea pig 
hair cortex in this study. This discrepancy m ay be explained as 
follows: (a) these granules are too small in size to be detected 
by immunofluorescence methods, (b) these authors might have 
missed the part in the keratogenous zone of hair cortex where 
t he granules were produced, because this paj·t was very limited 
in length, or (c) the immunologic antigenicity of t he "cortical 
t richohyaline" might be different from those of the medullary 
gra nule and the trichohyaline in inner root sheath and hair 
eu ticle cells. 
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Swift re~Ol·ted the presence of cystine-containing proteins in 
human hall' ~ortex [7] and guinea pig hair cortex [8], using the 
method of s ilver-methenamine stailung on ultrathin sections 
[7,8]. The distribution of these proteins in hail' cortex in his 
later study [8] was very similar to that of the dense granules in 
gumea pig hair cor tex in this study, although he did not state 
the ultrastructural presence of these granules. 
Jessen believed that the electron microscopic silver-methe-
namine method revealed the cytochemical existence of sulfhy-
dryl ?roups in the keratohyaline granules in the tongue and 
palatme mucous membTanes of rats [9]; therefore, the struc-
tures having the cystine-containing proteins in guinea pig hail' 
cortex in Swift's study [8] might be trichohyaline granules. The 
present study cleaTly showed the presence of cortical tricho-
hyaline granule~ in guin~a pig hail', electl'on microscopically. 
No cortical tnchohyal1l1e granules were found in mouse hail's 
examined in this study, even in large sinus hail's which are 
thick and long with a well-developed cortex as in 'human ter-
minal hail'. The difference between mouse hair and human or 
guinea pig h ail' might not be due to the difference of hair size 
but rather to a genetic difference between these species. 
Dw-ing epidermal keratinization dense homogeneous struc-
tw-es were observed in the nuclei of granulru' cells in mucous 
membranes [9,10] and in normal skin [11,12]. These structures 
might be keratohyaline [9,10] or a component of keratohyaline 
[11,23]. Some smaller granules (0.1-0.3 fLl11 in diameter) ob-
served in the hair cuticle cell nuclei in this study resembled the 
structw-es found in the nuclei of epidermal granulru' cells [11 ,12] 
except that some of them were 2 or 3 times lru'ger in size. It is 
not known whether or not t hese intranucleru' structures are 
trichohyaline, although t he round dense structures found in the 
cortical nuclei in this study were morphologically very siruilru' 
to the cytoplasmic "cortical trichohyaline granules" described 
above. The biochemical and immunologic nature of the 
"cortical" and "nucleru'" trichohyaline remains to be deter-
mined. 
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Microtubule-active agents affect the secretion of a va-
riety of proteins, including collagenase. To gain insight 
into the mechanisms involved in this process, we exam-
ined the effects of colchicine on the synthesis, secretion, 
and activity of human skin collagenase. When added to 
monolayer 'cultures of human skin fibroblasts, 10-1; M 
colchicine produced a mean 3-fold increase in trypsin-
activatable collagenase in the culture me.dium. Stimula-
tion was not observed with lumicolchicine. The enhanced 
accumulation of collagenase was dose-dependent with 
10-1), 10- 8, 10-\ and 10- 6 M colchicine giving collagenase 
activities/mg protein that were 100 ± 6%, 165 ± 20%, 186 
± 34%, and 297 ± 62% of control, respectively. Although 
the effect on collagenase was seen under conditions in-
dependent of cellular growth (i.e., in serum-free me-
dium), maximum stimulation occurred in sub confluent 
cultures. 'Phe colchicine-induced increase in activity was 
paralleled by an increase in immunoreactive enzyme 
protein, suggesting stimulation of enzyme synthesis. The 
catalytic efficiency of the enzyme (activity per unit im-
munoreactive protein) was unchanged, however, indi-
cating that a structurally normal enzyme was being 
synthesized. To examine the process in more detail the 
3 ' biosynthesis of H-Iabeled collagenase was quantitated 
in these cultures by specific immunoprecipitation. Al-
though 10-1; M colchicine produced no increase in total 
protein synthesis, an increased rate of collagenase syn-
thesis was seen after only 1.5 hr. These data suggest that 
colchicine has a specific effect on the synthesis of colla-
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genase and may be a useful probe for studying its regu-
lation. 
Human skin fibroblasts synth.esize and secrete collagenase as 
one of their major extracellular gene products [1]. This enzyme, 
which is the critical enzyme in the initiation of physiologic 
collagen degradation [2], is also important for its presumed 
roles in the hereditary blistering disorder, recessive dystrophic 
epidermolysis bullosa, and in the facilitation of soft tissue 
destruction in cutaneous neoplasia [3]. In each of these disor-
ders, collagenase has been found to be present both in vivo [4-
6] and in vitro [7-12] in increased concentrations. Thus, in 
order to gain further insight into the cellular mechanisms 
leading to increased collagenase expression, i.e., enhanced syn-
thesis and/or activity, we have investigated the effects of certain 
exogenous agents on this biochemical trait. 
In this regard, agents which act on micro tubules-such as 
colchicine-are known to affect the synthesis and secretion of 
various proteins. However, the effects of this ru'ug are in no way 
uniform or predictable from system to system. For example, in 
calvarium explant cultures and in fibroblast cultures, colchicine 
leads to a marked decrease in secretion of procollagen which 
may be associated with diminished synthesis [13-16]. Similal'ily, 
in chondrocyte cultures microtubule-active agents cause de-
creased secretion of proteoglycans [17]. In contrast, micromolru' 
concentrations of colchicine have been shown to stimulate 
plasminogen activator in Swiss 3T3 cells [18] and to enhance 
the release of collagenase in explant cultures of rheumatoid 
synovium [19] and in cultures of mouse peritoneal macrophages 
[20]. From these latter two studies it would seem that this drug 
would be an ideal agent for exploring mechanisms of collagenase 
stimulation in human skin fibroblasts . 
METHODS 
Fibroblast Cultures 
Human skin fibroblast cultures were ini tiated from a 3-mm punch 
biopsy of normal volunteers after obtaining informed consent, or were 
purchased from the American Type Culture Collection (Bethesda, 
Maryland). Cells were subcultivated at 37°C in Dulbecco's modified 
Eagle's medium-high glucose + glutamine. This medium was supple-
